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This dissertation deals with the current basic situation of the electricity economy in 
Greece and analyses and simulates a future development scenario for renewable 
energy. The analysis is based mainly on the Greek government plan for the Fair 
Development Transition by 2028 in the lignite areas of Western Macedonia and 
Megalopolis and on data from an existing database of the Institute of Electricity 
Economics and Energy Innovation of the Graz University of Technology. The simulation 
is performed with the ATLANTIS simulation model of the Institute. 
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Aim of the thesis 
The aim of this thesis is to show the benefits (both economic and environmental) of 
electricity production based on renewable energy sources and more  
environmental-friendly fuels, instead of the heavy pollutants coal (lignite) and oil. In 
addition, the modernization of the transmission network and the interconnection of 
the different islands to the main network will be studied and analyzed. 
Description of the problem  
The main reason of the development of such a scenario is the new directives of the 
European Union and, in general, the international appeal to use more green energy 
and reduce the greenhouse gasses, in order to have a more sustainable electricity 
network.  
Methodology 
The methodology for testing the scenario was to collect all current data that are 
related to the electricity production in Greece and the transmission network, study 
and evaluate the future plans, according to the scenario that has been recently 
announced by the Greek government (in addition to other planned installations or 
scenarios, e.g. the ENTSOE).  The simulation of the data was done with the 





The results of the Atlantis model are discussed at the final chapter of this thesis and 
prove the expected benefits of such a scenario.  
Structure  
The first chapter covers the evaluation of the current production network of classic 
power plants and renewable energy. 
 
The second chapter covers the evaluation and actualization of the transmission 
network of Greece, in respect of the European electricity market and the electricity 
demand. 
 
The third chapter defines a development scenario for the electricity economy, with 
respect to present national and European energy strategy and special focus on 
renewable electricity production. 
 
The fourth chapter presents the simulation and calculation of the abovementioned 
development scenario, with a special focus on energy consumption and economic 
and environmental aspects.  
 
The final chapter discusses the results of the simulation and the benefits for the 







1 Electricity Production in Greece 
1.1 Electricity in Greece  
1.1.1 Historical reference 
 
Electricity arrived in Greece in 1889, according to DEI[1] / Dimosia Epicheirisi 
Ilektrismou (Public Power Corporation), the public electricity company of Greece, 
covering initially only the city of Athens with electric lighting. Thessaloniki (which 
was part of the Ottoman Empire at the time) has also been electrified around the 
same years, by a company named “Belgian Company”. In the next 10 years several 
international electricity companies were established in Greece. The “Hellenic 
Electric Company” was founded by the American company Thomson-Houston and 
supported by the National Bank of Greece provided with electricity several major 
Greek cities. The number reached to 250 cities in 1929, serving a population of 
more than 5.000.   
Several small factories for electricity production were founded in order to provide 
with electricity remoted areas with small population. However, they were 
administrated by local authorities, since large electricity companies showed 
reluctance to do so, due to the high costs and small profit. 
During the 50’s, almost 400 different companies produced electricity in Greece, 
using as main fuel imported oil and coal.  
Due to the vast number of companies and the production based on imported fuels, 
the price of electricity for the consumers was quite high, in respect with other 
European countries, resulting in electricity being unaffordable for the society and 





Picture 1.1: Agios Dimitrios thermal power plant in Western Macedonia 
 
For that reason, DEI was founded in August 1950 as public company. The company 
was responsible for the production, transportation and distribution of electricity 
across all the country.  
A strategy plan for using domestic fuels for the power production was established 
and the modernization of the transmission network into a national interconnected 
system begun.  
Greece domestic fuel was lignite / brown coal, found in large quantities in the 
western part of Macedonia and the central Peloponnese. Therefore, DEI turned to 
thermal power plants which would use lignite as the main energy source and many 
mining sites were created.  
Thanks to Greece’s mountainous relief, the creation of dams on some major rivers 
served in the construction of hydroelectric power plants as well.  
Till the end of the millennium the major energy sources of DEI were lignite and 





1.1.2 Regulatory Market Reform 
 
In 2001 it was decided that DEI will be entering the Athens Stock Exchange and the 
London Stock Exchange and will operated as public limited company. Until recently, 
most thermal power plants in Greece were owned by DEI, covering a capacity of 
75%. 
The energy fuels expanded from just lignite and hydropower to gas and oil stations 
and lately renewable energy sources.  However, lignite still consisted of 50% of the 
total energy production, resulting in DEI being the second biggest energy producer 
from lignite in the European Union and supplying almost 98% of the consumers of 
Greece.  
 
With the late EU Regulations for the unbundling of the energy sector, DEI was split 
in several companies, forming a new energy model in Greece:  
• DEI (PPC) – electricity producer   
• ADMIE (IPTO) – electricity transmission system manager 
• DEDDIE (HEDNO) – electricity distribution network manager   
 
ADMIE took the responsibility of the management, operation, development and 
maintenance of the electricity transmission system and its interconnections, while 
DEDDIE took the responsibility of the management, development, operation and 
maintenance of the electricity distribution network. 
Lately, a new company “DEI Renewables” was founded for the promotion of the 
renewable energy production in Greece 
Up to now, several private companies have been immersed in electricity 
production, by building their own thermal power plants or installing wind turbines 
and photovoltaics across the country. Additionally, private companies are offering 





The major electricity producers in Greece are presented below:  
• DEI (PPC) - Dimosia Epicheirisi Ilektrismou   
• TERNA Energy (GEK TERNA GROUP) 
• HERON (GEK TERNA GROUP & others) 
• Protergia (Mytilineos Group, Korinthos Group and Aluminium Greece) 
• Elpedison 
• EUNICE Energy Group 
 
1.1.3 Fuels for electricity production 
Lignite  
As already mentioned, Greece has been using mostly lignite as its main fuel for 
electricity production. Lignite is a brown combustible rock (therefore also known as 
brown coal) which is a formation of coal, coming from naturally compressed peat. It 
has a low heat content and is considered as the lowest rank of coal. It is inefficient 
to transport and is not traded on world markets. Most power plants are constructed 
in the areas where lignite is being extracted.  
 






The extraction and operation of lignite thermal power plants in Greece has been 
administrated by DEI and most lignite fields can be found in the area of Western 
Macedonia, near Ptolemaida and the Peloponnese, near Megalopoli. There, the 
lignite is in great abundance and due to the excavation works even many 
settlements had to be removed when lignite was found underneath.  
The exploitable lignite reserves, approximately 3,1 billion tn, could last until 2060 
according to estimations, making Greece the second in rank of lignite production in 
the EU. Up to now 1,3 billion tn have already been extracted. [2] 
 
Picture 1.3: Thermal Power plants (Lignite, Gas and Oil fueled) 
Oil 
Oil has been also used for electricity production, but in the future, it is going to be 
completely replaced by natural gas or renewable energy sources. Oil or Petroleum 
(meaning “rock oil” in Greek) is a complex mixture of liquid hydrocarbons, which 
occurs in nature, in underground reservoirs. It is formed from a mixture of dead 
organisms (mostly algae and zooplankton), which are pressed and heated by natural 




Crude oil is the most important form of oil and many subproducts are derived from 
it. It is considered the most traded commodity worldwide. However, it is the major 
cause of global warming and ocean acidification. Oil is mainly imported to Greece. 
 
Natural Gas 
Natural Gas has lately been used in Greece for electricity production, and in the 
future is going to replace the polluting lignite thermal power plants.  
  
The natural gas is extracted from natural underground reserves and mainly consists 
of CH4 (methane). It is formed in a similar way as oil, by heat and pressure of 
decomposing plants and animal matter, buried underneath, over very long time 
periods. 
In the last decades, several gas pipelines have been constructed for the 
transportation of gas to Greece from eastern countries. Additional plans for new 
distribution lines and further connection are in progress.  
 
 





Biomass, or bioenergy, has also recently started to be used in Greece as fuel for 
electricity production.  Bioenergy is mostly derived from materials such as animal 
wastes, wood, straw or oilseeds, created via photosynthesis, by sunlight and CO2. 
Through decomposition of these materials carbon is transformed into soil organic 
matter and is later used as fuel.  
Most energy coming from biomass in Greece today, comes from local activities such 
as sewage treatment and landfill gas. 
    
  Picture 1.5: Crops can be used for biomass 
 
Geothermal energy 
Geothermal energy refers to the energy which is stored under the surface of earth 
in the form of heat. It originates from the original formation of the planet and from 
radioactive decay of minerals. Heat can be extracted and used to drive turbo-
generators. Although it is expected that Greece has a high potential of geothermal 







Hydroelectric energy is the energy derived from the conversion of the kinetic 
energy of flowing water into electric energy. The flowing water is directed at a 
turbine and makes it to rotate. Thus, via mechanical energy, electric energy is 
produced. 
The main rivers of Greece, where hydropower plants have been created are: 
Acheloos, Arachthos, Aliakmonas, Ladonas, Nestos, Stymonas and Tavropos. 
 
Picture 1.6: Hydropower stations map of Greece  
 
Thanks to Greece’s mountainous relief, a lot of larger hydroelectric power plants 
with dams have been created in several areas of the country, making hydropower 
the top producer of renewable energy in Greece. The first two large hydropower 
plants were already created in the 50s at Agras and Louros. Since then several ones 
have been built, also by creation of dams and big artificial lakes (type known as 




Several small hydroelectric power plants have been created in small rivers, serving, 
apart from electricity production, the irrigation purposes of local farmers (type 
known as run-of-river hydroelectricity - ROR).  
 
 
Picture 1.7: Hydropower Station (Pumped-storage) – Plastiras Dam 
 
Wind  
Wind can be also used as “fuel” in order to rotate wind turbines which then 
produce electricity. Greece, and especially Greek islands have a high potential of 
wind energy, and wind turbines have already been used. 
Wind as fuel is for free and the turbines can be placed either onshore or offshore. 
No greenhouse gasses of other types of pollution are emitted by wind turbines.  
 
Wind turbines can have a horizontal axis (HA) or a vertical axis (VA). There are three 
common types of wind turbines depending on their axis:  
• VAWT Savonius 
• VAWT Darrieus 






Picture 1.8: Agios Georgios island (Attica) and wind turbines 
 
 






Solar energy originates from the thermonuclear fusion reactions occurring in the 
sun.  
There are two forms of exploiting this type of energy: direct conversion to electricity 
through photovoltaics and use as solar heating, for heating purposes.  
Photovoltaics are devices that can absorb the solar radiation and convert it 
electricity by the photovoltaic effect. They are made from semiconductors, mainly 
silicon. 




Picture 1.10: Solar tracker in Cephalonia island 
 
The solar energy potential of Greece is considered high enough, due to the 
country’s geographical position and, therefore, solar energy is considered the most 
suitable solution for further energy investment plans. In the southern parts of the 






Picture 1.11: Solar energy potential of Greece (map) 
 
Nuclear power 
Although nuclear energy is considered a cheap and very high efficiency energy 
source, due to its potential problems and devastating harm in case of any failure, it 
is not used as a fuel option in Greece and there are no plans for future 
development.  
 
1.2 Electricity production system  
 
The current electricity production system from all energy sources, as of December 
2020, is presented in the tables below: 
Table 1.1: Existing Thermal Power Plants 













Agios Dimitrios I Steam Western Macedonia DEI 300 274 
Agios Dimitrios II Steam Western Macedonia DEI 300 274 
Agios Dimitrios III Steam Western Macedonia DEI 310 283 
Agios Dimitrios IV Steam Western Macedonia DEI 310 283 
Agios Dimitrios V Steam Western Macedonia DEI 375 342 
Kardia III Steam Western Macedonia DEI 306 280 
Kardia IV Steam Western Macedonia DEI 306 280 
Meliti I Steam Western Macedonia DEI 330 289 
Megalopoli III Steam Peloponnese DEI 300 255 
Megalopoli IV Steam Peloponnese DEI 300 256 
TOTAL STEAM  3.137 2816 
Aliveri V CCGT  Central Greece DEI 426,9 417 
Komotini CCGT  Thrace DEI 484,6 476,3 
Lavrio IV CCGT  Attica DEI 560 550,2 
Lavrio V CCGT  Attica DEI 385,2 377,6 
Megalopoli V CCGT  Peloponnese DEI 500 500 
Thessaloniki CCGT  Central Macedonia Elpedison 408,4 400,3 
Thisvi CCGT  Central Greece Elpedison 421,6 410 
Heron II CCGT  Central Greece Heron 432 422,1 
Agios Nikolaos  CCGT  Central Greece Protergia 444,5 432,7 







TOTAL CCGT  4.500 4420 
Heron I OCGT Central Greece Heron 148,5 147,8 
TOTAL OCGT  148,5 147,8 
Agios Nikolaos 
Complex (Aluminium) 
HE CHP Central Greece Protergia 334 334 
TOTAL HE CHP  334 334 
TOTAL THERMAL  8.120 7718 
 
CCGT: Combined Cycle Gas Turbine 
OCGT: Open Cycle Gas Turbine 
HE CHP: High Efficiency Combined Heat and Power Plant 
 
 
Table 1.2: Future Thermal Power Plants  






Ptolemaida V Steam  Western Macedonia DEI 660 2022 
 
Agios Nikolaos II CCGT Central Greece Mytilineos 826 2022 
VI.PE. Komotini CCGT Thrace Terna 665 2023 
Chalki Larisas CCGT Thessaly Karatzis 660 2024 
VI.PE. 
Alexandroupoli 
CCGT Thrace Kopelouzos 662 
 
2022 





Table 1.3: Existing Oil Power Plants 
 
Table 1.4: Existing Hydroelectric Power Stations 
(Source: ADMIE, Oct. 2019) [3] 






Agras I Hydroel. Central Macedonia DEI 25 25 
Agras II Hydroel. Central Macedonia DEI 25 25 
Asomata I Hydroel. Central Macedonia DEI 54 54 
Asomata II Hydroel. Central Macedonia DEI 54 54 
Edessaios Hydroel. Central Macedonia DEI 19 19 
Thisavros I Hydroel. Eastern Macedonia DEI 128 128 
Thisavros II Hydroel. Eastern Macedonia DEI 128 128 
Thisavros III Hydroel. Eastern Macedonia DEI 128 128 
Kastraki I Hydroel. Central Greece DEI 80 80 
Kastraki II Hydroel. Central Greece DEI 80 80 
Kastraki III Hydroel. Central Greece DEI 80 80 
Kastraki IV Hydroel. Central Greece DEI 80 80 
Kremasta I Hydroel. Central Greece DEI 109,3 109,3 
Kremasta II Hydroel. Central Greece DEI 109,3 109,3 
Power Station – Unit Type Region 
Installed Power 
(MW) 
In operation till 
Xylokamara Chania Oil Crete 290 2023 
Linoperamata Irakleio Oil Crete 243 2023 
Atherinolakkos Lasithi Oil Crete 192 2022 




Kremasta III Hydroel. Central Greece DEI 109,3 109,3 
Kremasta IV Hydroel. Central Greece DEI 109,3 109,3 
Ladonas I Hydroel. Peloponnese DEI 35 35 
Ladonas II Hydroel. Peloponnese DEI 35 35 
Piges Aoou I Hydroel. Epirus DEI 105 105 
Piges Aoou II Hydroel. Epirus DEI 105 105 
Plastiras (Tavropos) I Hydroel. Thessaly DEI 43,3 43,3 
Plastiras (Tavropos) II Hydroel. Thessaly DEI 43,3 43,3 
Plastiras (Tavropos) III Hydroel. Thessaly  DEI 43,3 43,3 
Platanovrysi I Hydroel. Eastern Macedonia DEI 58 58 
Platanovrysi II Hydroel. Eastern Macedonia DEI 58 58 
Polyfyto I Hydroel. Western Macedonia DEI 125 125 
Polyfyto II Hydroel. Western Macedonia DEI 125 125 
Polyfyto III Hydroel. Western Macedonia DEI 125 125 
Pournari I.I Hydroel. Epirus DEI 100 100 
Pournari I.II Hydroel. Epirus DEI 100 100 
Pournari I.III Hydroel. Epirus DEI 100 100 
Pournari II.I Hydroel. Epirus DEI 16 16 
Pournari II.II Hydroel. Epirus DEI 16 16 
Pournari II.III Hydroel. Epirus DEI 16 16 
Stratos I Hydroel. Central Greece DEI 75 75 
Stratos II Hydroel. Central Greece DEI 75 75 
Sfikia I Hydroel. Central Macedonia DEI 105 105 
Sfikia II Hydroel. Central Macedonia DEI 105 105 
Sfikia III Hydroel. Central Macedonia DEI 105 105 
Ilarionas Hydroel. Western Greece DEI 153 153 





Table 1.5: Future Hydroelectric Power Stations 




Mesochora Hydroel. Thessaly DEI 160 2025 
Pefkofyto Hydroel. Thessaly DEI 160 2025 
Sykia Hydroel. Thessaly DEI 141 2025 
Metsovitikos Hydroel. Epirus DEI 29 2021 
Avlaki Hydroel. Epirus / Thessaly TERNA 83,6 2025 
Pyrgos Amfilochias Hydroel. Central Greece TERNA 220 2025 
Agios Georgios  
Amfilochias 
Hydroel. Central Greece TERNA 370 2025 
TOTAL Hydro 1.163,6  
 
Table 1.6: Existing Renewable Energy Production  
(DAPEEP, Apr. 2020) [4] 
Type of units MW  
Wind Power 3526 
Small Hydro 233,2 
PV 2354,4 
PV on roofs 352 
Biomass/Biogas 88,9 
HE CHP 109,5 
Solar thermal power - 
TOTAL RES 6.664 
 





The total energy mix of Greece from the above stations (not taking in mind the non-
interconnected islands, imports and any other special cases) until December 2020 
is:  
 
Table 1.7: Total Existing Power Plants 
Units Installed Power 
(MW) 
Thermal  8.120 
-Lignite 3.137 









2 Transmission Network  
2.1 Current network [5] 
Up to now, the transmission network is divided into two separate systems:  
- The interconnected transmission system, in the mainland 
- The non-interconnected system of Crete and all small islands 




The interconnected transmission system mainly consists of 400 kV dual circuit lines, 
which transfer the electricity from the production area in Western Macedonia to 
the rest of the country.  
It is worth mentioning that 70% of the total electricity is generated in Western 
Macedonia, but the major consumption centers are in Central Macedonia, Central 
Greece and Attica, therefore a powerful transmission network is highly needed.  
In addition to the 400 kV, overhead and underground cable lines of 150 kV 
complete the network. Submarine lines also connect the Ionian islands with the 
mainland and the islands of Evia and Andros in the Aegean Sea. The total system 
consists of approx. 11.500 km of transmission lines.  
 
 
Picture 2.2: Electricity network categories of Greece, lignite areas  
and population proportion of 3 areas.  
 
The system is supported by 732 transformers and Autotransformers with a total 
installed capacity of approx. 55.500 MVA at 331 substations and high-voltage 
stations. 
The purpose of these transformers and substations is to transfer the electricity 
throughout the country in the best and most efficient way with less losses. For this 




kV and then is lowered to 150 kV when reaching the electricity distribution 
networks.  
The basic transmission system is presented on the following tables: 
 
Table 2.1: Voltage type of lines and stations  
Overhead Transmission lines 400 kV, 150 kV, 60 kV 
Underground and submarine lines 400 kV, 150 kV 
Substations 150/20 kV 
HV Substations 400/150 kV 
 
 
Table 2.2: Transmission lines (km) 
Type 400 kV 400 kV DC 150 kV 66 kV 
Overhead 2.760 107 8.210 39 
Submarine - 160 569 74 
Underground 31 - 286 - 
Sum 2.791 167 9.065 113 
 
Table 2.3: The main 400 kV high-voltage substations (existing and planned) 
Acharnes Argyroupoli (2025) Kos (2028) Pallini 
Acheloos Distomo Langadas Patra (2028) 
Agios Dimitrios Filippi Larissa Ptolemaida (2023) 
Agios Nikolaos Heron Larymna Thessaloniki  
Agios Stefanos Irakleio Lavrio EnThess  
Aliveri Kardia Megalopoli Thisvi 
Amyntaio Korinthos (2021) Meliti Trikala 





The Greek system is simultaneously in parallel operation with the interconnected 
European system, under general coordination of the ENTSO-E (European Network 
of Transmission System Operators for Electricity). The Greek system is 
interconnected with all neighboring countries, as detailed in Table 2.4  
 
Table 2.4: International interconnections 
Turkey Nea Santa – Babaeski (400 kV, nom. capacity 2000 MVA) 
 
Bulgaria Thessaloniki – Blagoevgrad (400 kV, nom. capacity 1400 MVA) 
 
North Macedonia  Meliti – Bitola (400 kV, nom. capacity 1400 MVA) 
Thessaloniki – Dubrovo (400 kV, nom. capacity 1500 MVA) 
 
Albania Kardia – Zemblak (400 kV, nom. capacity 1400 MVA) 
Mourtos – Bistrica (150 kV, nom. capacity 138 MVA) 
 
Italy Arachthos – Galatina (400 kV DC, nom. capacity 500MW, submarine) 
 
 
2.2 Planned connections  
For the period 2015-2030, a plan for upgrading the network in the Peloponnese and 
for connecting all small islands and Crete to the mainland of Greece and to Cyprus 
has been established. 
 
The first works that have already started concern the interconnection with 5 small 
islands of Cyclades and the major interconnections for Crete:  
• phase I: from Peloponnese to Chania, 150 kV, nom. capacity 2x200MVA AC  






Accordingly, the following connection plans are going to be implemented: 
Table 2.5: Planed connections [6] 
Planned connections Expected until 
400 kV network between Athens – Corinth    2024 
400 kV network between Corinth – Megalopoli   2024 
400 kV network between Megalopoli – Patra – 
Acheloos    
2024 
400 kV network between Nea Santa – Maritsa East, BG 2024 
Peloponnese – Chania Crete 2021 
Athens – Herakleion Crete  2024 
Athens – Cyclades islands 2024 
Evia – Skiathos island 2024 
Corinth – Kos – Rodos – Karpathos  2030 
Evia – Lesvos 2030 
Nea Santa – Limnos – Lesvos – Chios – Samos – Kos   2030 
Upgrade of line Filippi – Nea Santa  2030 
 
Upon completion of the future development plan, almost all islands of Greece will 
be connected to the main interconnected network. 
2.3 Electricity Demand 
The demand of electricity in Greece has changed since 2008, when the country 
confronted a financial crisis.  Although until then it was increasing, after 2018 there 
was a decrease on the demand for electricity. After 2020 it is expected that the 





This prediction is based on the expected economic development of the country, the 
general situation of the energy sector and the electricity market and the changes in 
consumers’ habits, as the crisis is getting away.  
Graph 2.1: Consumption in GWh per year 
 
The scenario for the electricity demand for the period 2020 – 2030, illustrated in 
Graph 2.1, is based on data from the Organization for Economic Co-operation and 
Development [7]. 
The goal of the national plan, in contrast to the above prediction, is to increase 
energy efficiency and energy savings and in general to have a reduced energy 
consumption in 2030, in comparison to year 2017. (thus, decoupling economic 
growth from gross domestic energy consumption). As a result, despite of the 
electrification of various uses (e.g. transport, heating / cooling) in the future, the 




The peak demand is more difficult to be estimated, due to the fact that the demand 
for electricity, especially during the summer months, when the maximum annual 
peak occurs, depends very strongly on the weather and mainly on the temperature, 
but also on the duration of periods of high temperatures. This dependence seems 
to be constantly intensified. In addition, the increase of the penetration of RES in 
the system, increases the uncertainty of the peak prediction. Under the current 
circumstances, the forecast of the annual peak is made more difficult, as it is not 
possible to assess the impact of the economic situation on consumer behavior 
during peak hours, especially in conditions of prolonged heat. 
 
The load flows in July 2020 (peak month) are presented below. Obviously, there is 
high demand from the production centers of Western Macedonia to Athens, where 
a high amount of population is concentrated. 
 
 






3 Development scenario  
During the last years, the energy sector is moving towards more environmentally 
friendly technologies, which produce less greenhouse gasses (GHG), mainly CO2, and 
target to stop global warming. Internationally and within the European Union many 
strategies have been developed in order to support a transfer to greener energy via 
several protocols and regulations, mainly the Kyoto Protocol, the Paris Agreement, 
the EU 2020 climate and energy package, the EU 2030 climate and energy 
framework, the EU 2050 long-term strategy. 
The main targets of all these strategies focus on quitting from using fossil fuels as 
main energy supply and replacing them with renewable energy sources. The EU 
2050 strategy even foresees a reduction of greenhouse gas emissions by almost 
90%. 
Therefore, Greece has started in the last decade to change its energy strategy as 
well and has increased largely the share of the renewable energy, mainly with wind 
turbines and photovoltaic systems.  
 




Different scenarios [8] are depicted in the graph below, with the previous Greek 
Strategy for 2027 being marked with red: 
  
Graph 3.1: Installed capacity in MW per type, for different scenarios 
 
However almost all of them included coal as an energy fuel. 
The most recent scenario of the Greek government sets as goal the withdrawal of 
most lignite units by 2023 (representing more than 80% of the current installed 
capacity) and completely all lignite units by 2028 [9].  
In addition, several natural gas units are planned for construction until 2024, which 
will replace the share of the old lignite units, together with an increased installation 
of photovoltaic systems of almost 2,2 GW. 
 
The interconnection of the transmission system with all major islands and Crete will 
also support the strategy, by shutting down the polluting oil units of the islands and 
by connecting them to the integrated mainland system. This can also increase the 
renewable energy share participation of the country, as many Wind and PV units of 
the islands will be able to get connected. The plan for interconnection will be 




Although several scenarios, made by EU, Greece or energy organizations, have been 
described above, the new government scenario seems to be very impressive and 
innovative towards the strategy of decarbonization. 
 
This goal will completely change the electricity production of Greece to a diversified 
mix of electricity production which will not be based on lignite. The process of 
delignification, however, has started already since 2010, when the first lignite units 
withdrew from the system, reducing the costs related to lignite activity by 10%. 
 
The goal of complete delignification of Greece by 2028, is reflected in the provisions 
of the National Plan for Energy and Climate (B '4893), which ensures the stability of 
the electrical system and the energy security of the country. It is also in line with the 
European Strategy on Climate Neutrality. This strategy, among other things, will 
eliminate greenhouse gas emissions by 2050.  
 
The following diagrams show the withdrawal schedule and the replacement with 
new units: 
 









In addition to the shutdowns, new hydro and gas units are going to be built and 
integrated in the network. Some of them are already under construction. 
 









Further plans for integration of solar and wind units into the system made by the 
European Network of Transmission System Operators for Electricity (ENTSOE) for 
the Ten-Year Network Development Plan (TYNDP) 2018 have been also used for a 





4 Scenario simulation  
4.1 Introduction  
The simulation of the previously described scenario has been conducted at the 
Institute of Electricity Economics and Energy Innovation (IEE) of the Graz University 
of Technology, in Austria. The simulation was part of an Erasmus Placement project 
in the above institute in Graz, during the second half of 2020. 
 
The IEE has been founded in 2002 and is focused on modeling 
the European electricity economy: Real economy, nominal 
economy and organizational architecture. The simulation model 
is called Atlantis and it is a result of a combination of different 
fields of electrical, mechanical and plant engineering, business 
administration, economics, operations research, computer 
science and law.                    Picture 4.1:  
Logo of Atlantis  
 
 




Atlantis covers the complete European interconnected electricity network 
(transmission systems (400 kV / 220-kV-level), production units, demand of 
electricity and customers) as it is referred by the ENTSO-E electricity economy.  
 
More precisely, the database of the simulation model includes:  
• 29 countries of the continental Europe (ENTSO-E area) 
• Approx. 24.000 power stations (existing and planned) 
• 44 factors of each power plant (e.g. nominal capacity, starting date, 
ending date, fuel, full location) 
• 30 types of units with factors for efficiency, investment costs, CO2 
emissions, maintenance and so on. 
• 15 different types of fuels of every country 
• 4000 nodes of the transmission network (380 kV, 220 kV and 110 kV) and 
their specifications  
• 6300 network elements, such as transmission lines, transformers, etc.  
• Approx. 1300 planned projects for the expansion of the networks and 
grids. 
 
The database and the planned scenarios are used for simulating the future 
electricity economy development of the European countries: scenarios on 
consumption, production, prices, net expansion, and in general energy policy.  
 
As far as the nominal economic part of the model is concerned, Atlantis integrates 
relevant European electricity utilities, such as balance sheets, profit and loss 
statements. This information has been gathered after detailed investigation and has 
been integrated in the database of the model. 
 





4.2 Applications of the model 
By using all the above, Atlantis[10] can simulate this complex electrical and 
economical systems. The results of the simulation can be used for extracting 
information about plans, future prices, development of the systems, investments, 
integration of RES to the general production and environmental data.  
 
 Atlantis can perform the following scientific investigations: 
• Development of electricity prices for every region 
• Estimation of the benefit of new transmission lines and power plants 
• Needs regarding demand and infrastructure development 
• Integration and cost of RES 
• Energy shortages tests 
• Effects of power demand side management  
• Analysis of regulations ad directives (e.g. new EU directives, CO2-emissions, 
etc.) 
4.3 The model  
The calculations of the model are done per month or per year depending on the 
selected scenario. In the beginning a check is performed regarding the yearly peak 
load in respect of the restrictions of the transmission lines. In Atlantis [11] the load 
flow of the transmission network is calculated by an algorithm based on DC (direct 
current) load flow. This can identify problems that might occur in the network, 
appropriate locations for new power plants and nodes where the new power can be 
supported by the transmissions lines and where high demand can be expected.  
The yearly peak load is usually performed during winter, except for countries with 
warmer climate (Mediterranean) where the summer peak load is more significant. 






Picture 4.3: Atlantis Electricity Model flow chart 
 
When the yearly peak load check is performed, the monthly one follows. The 
demand is calculated in all months / periods, peak or off-peak periods. The demand 
needs to be covered during all months. In some cases, a month can be further 
divided in smaller peak and off-peak periods, in order to achieve better calculation 
results. 
 
In the monthly model, the principle is the “optimal unit dispatch” in the system. The 
load flow comes next.  
The optimal unit dispatch means that the units enter the system according to 
market principles based on the minimum variable cost for the electricity generation. 
Other factors, such as energy trade between different companies are also 
calculated in parallel. Furthermore, the market coupling model is then used, taking 
in mind different parameters such as the max. and min. power of conventional 
power stations, plant maintenance factors, unit availability, the age of the stations 




Finally, renewable energy units and small hydropower stations are considered for 
the model. 
 
For the market coupling, there are 2 different models that can be applied:  
• The Net Transfer Capacities (NTC) 
• The load-flow based model  
 
The Net Transfer Capacities model for market coupling is used more often for 
congestion management in international cross border markets. The NTC model is 
defined as a linear optimization problem and its target is to achieve a minimization 
of the generation costs and a maximization of the social welfare. 
 










The second model, load-flow based market coupling can also be simulated by 
Atlantis.   




This algorithm uses a zonal and a nodal approach, under a mechanism of an implicit 
auction. In this model, the exchanges of energy between neighboring countries, in 
contrast to the NTC model which is based on the NTC values, is based on the flow 
gate capacity (FGC) or the capacity of defined critical branches.  
 
The next step is an evaluation in terms of load flow calculations of the results, based 
on a direct current load flow (the network active power flows), known as the DC 
optimal power flow (DCOPF) method. The AC power flow is more complex and 
therefore the usage of the DC method is preferred.  
 
In order to get the DC power flows from the AC power flows, an average error 
occurs, and it can be assumed that the DC-OPF method is as far as possible 







The DC-OPF is defined as a mixed-integer linear optimization problem, and its target 
it to minimize the generation costs and to optimize the use of HVDC links and 
phase-shifting transformers.  
 
Next step is the utilization of the power plants and the calculation of the CO2 
emissions.  
 
Finally, additional economic values can be calculated, including electricity trading, 
market prices, balance sheets, profits and losses of the electricity companies and so 
on.   
 
Atlantis includes 4 types for market models between the countries: 
- No load flows 
1. Cu-Plate Model: no NTCs  
2. Zonal Pricing Model: with NTCs  
- With load flow 
3. Total Market Model: without NTCs 
4. Redispatch Zonal Pricing Model: with NTCs 
 
For the present simulation in this thesis the Total Market Model has been used. 
 
The Total Market Model includes the power grid and considers the physical line 
restrictions between and within zones. This model calculates the cost-optimized 
power plant deployment as well as the electricity price for each zone considering 
the physical line restrictions given by the grid. 
 
The entire system can be visualized using a visualization tool. Maps with network 
connections, power stations, load flows and demand, nodes and lines can be 





4.4 The data  
The data sources are:  
- The existing dataset from the Institute of Electricity Economics and Energy 
Innovation – TU Graz, 
- The European Network of Transmission System Operators for Electricity 
(ENTSOE[12]), scenario for Greece mainly for solar and wind. 
- The wind power (Wind Energy Market Intelligence) 
- Various public (DEI) and private electricity companies of Greece 
- Organization for Economic Co-operation and Development (Electricity 
demand in Greece)  
 
The datasets that were used for the simulation can be found at the Appendix. 
Electricity production on small non-interconnected islands has not been considered 






5 Results & Conclusions  
After having simulated the data of the future scenario, several interesting results 
have been obtained. The results are being presented below through graphs and are 
referring mainly to the installed power, the produced energy, the costs of electricity 
production, the lifetime of the power units, their depreciation, the future demand 
and the relevant needs for imports or exports of electrical energy and finally the 
CO2 emissions.  
5.1 Results of the simulation model 
5.1.1 Installed power 
 
Graph 5.1: Installed power in % per year and per type 
 
For the period 2019 – 2030 (the data from 2021 till 2030 are according to the future 





Despite the shutdown of the lignite and oil units, the introduction of new gas units 
and more renewable energy units will result in a significant increase of approx. 7,5 
GW of installed power.  
 
This will also change drastically the composition of energy mix. Most of the power 
in 2030 is expected to be clean energy coming from wind, hydro and solar units 
(approx. 70%). Energy from biomass, which is almost nonexistent today, will be 
increased, mostly due to the conversion of the new Ptolemaida Unit V to biomass 
fueled unit (see Graph 5.1) 
 
The yearly changes in the use of energy are depicted in the Graph 5.2. The year 
2025 is expected to be a milestone for green energy in Greece in combination with 
all financial and environmental benefits and consequences that this can have 
according to EU directives.  
 
 
Graph 5.2: Yearly change of installed power in MW per year and per type 
 
The total installed power in MW per sector coming from the simulation, is depicted 
in Graph 5.3. Along with Graph 5.4, a comparison between Greece and Austria (data 




shows that, although Greece will have a significance increase of renewable energy 
production, there are still margins for improvement. Additionally, Greece will 
remain dependent of fossil fuels i.e. gas, although it is a cleaner energy fuel 
compared to lignite. However, this will have to be imported from non-European 
countries, making Greece more vulnerable to international energy diplomacy.  
 
 
Graph 5.3: Installed power in MW per year and per type for Greece 
 
 




5.1.2 Produced energy 
 
 
Graph 5.5: Produced energy in GWh per year and per type  
 
In addition to the installed power mentioned in the previous paragraph, the 
produced energy has also been simulated. The results of the simulation are 
presented in Graph 5.5 and 5.6. It becomes evident that there is a wide difference 
between installed capacity and production. 
This is because energy is produced according to some rules, independently from the 
installed power. Shortly described:  
• energy which is cheaper must be produced first 
• energy from “base stations” (gas units are considered so) has priority 
• energy from solar / wind, is not available when there is not sun / wind 
So, the produced energy is different from the capable installed power. 
Despite the differences, the produced energy is also going to change similarly to the 







Graph 5.6: Produced energy in GWh per year and per type 
5.1.3 Production costs  
 
 
Graph 5.7: Production cost in million euros per year and per type for Greece 
 
The production costs will change accordingly, as depicted in Graph 5.7; an increase 
of the installed capacity will have an increase on the production costs per different 




the production costs are related to imported gas.  Again, this will make Greece 
vulnerable to international energy diplomacy from the gas exporting countries.  
5.1.4 Aging of the stations 
 
 
Graph 5.8: Installed power (in MW) per age of the station (in years) & per type for 
2020 
 
The age of the existing stations has also been investigated. Most coal and oil 
stations are, as of today, quite old (between 21 and 50 years). A shutdown or 
rehabilitation would anyway be needed for those of them who do not conform with 
all standards that are applied to modern stations. The distribution of electricity 
plants according to their age is presented in Graph 5.8, noting the energy source 
they use. 
 
In 2030, with the implementation of the government scenario, most stations will 






Graph 5.9: Installed power (in MW) per age of the station (in years) & per type for 
2030 
 
5.1.5 Capital Assets  
 
 




The capital assets regarding energy production are expected to increase thanks to 
the installation of new units of all types (gas, hydro, wind and solar), although the 
value of the existing assets will decrease due to depreciation. In any case the total 
value will be almost doubled compared to the today value, reaching approx. 24.000 
million euros, as illustrated in Graph 5.10. The yearly capital assets per energy 
source from 2018 to 2030 are presented on Graph 5.11 
 
 
Graph 5.11: Capital assets in million euro per year and fuel type  
 
5.1.6 Energy demand: Imports and exports  
 
Through the European interconnected network Greece is importing a lot of 
electricity today, since the national production is not enough to cover the demand. 
 
However, from 2024 the produced energy in Greece will be for the first time more 
than the one needed domestically, due to the introduction of new gas units to the 
system. In the coming years Greece will be able to export energy to neighboring 
countries as long as the offered energy remains more than the demanded. This will 
have a positive effect on the Greek energy economy, especially if one takes into 






Picture 5.1: Map of the existing energy exchanges in the southern Balkans 
 
It is worth mentioning that the demand of electricity has been decreasing since 
2009, mainly due to the financial crisis that the country faced at those times. The 
demand is expected to increase more and more as the country is recovering from 
the crisis, however it will still need some time, until it reaches the levels before the 





Graph 5.12: Energy in GWh (imported/exported/demanded) per year  
 
The transmission network as planned for 2030 will be sufficient to cover the 
transport of electricity through cities, islands and the neighboring countries, as 
shown in Picture 5.2. However, high flows are expected through the new “electricity 
corridor” from Nea Santa (in Thrace) to Lesvos and from there to Athens (Attica) 
where high population is concentrated due to shortest route compared to the one 
via Thessaloniki. However, this route will easily reach its peak volume mainly due to 
the law size of voltage transfer, since it is primarily designed to serve the islands and 
not as a “connection corridor”.   
 
 
Picture 5.2: Load flows estimated in July 2030 
 
The projection of electricity exchanges in 2030 with neighboring countries can be 
seen on the Picture 5.3. Most of the exports are expected to be towards Italy due to 





Picture 5.3: Load flows / energy exchanges between Greece and  







5.1.7 CO2 Emissions  
The most environmental benefits from this scenario will be achieved from the 
deduction of the CO2 emissions. The EU directives set the rules for CO2 emissions 
allowances within the EU and Greece will have to pay fees in case it does not 
conform to them. However, from 2023 and further on, with the shutdown of the 
coal and oil units, the only emissions will be those coming from gas stations. Graph 
5.13 shows that Greece will have a reduction in CO2 emissions of more than 50 % 
which are not expected to exceed 8.500 kt in 2029.  
 
 
Graph 5.13: CO2 emissions in kt per year and type  
 
 
The current estimated CO2 fee is 25.000 € per kt, thus the benefits of the CO2 
emissions reduction can be easily calculated. In future the fee is expected to 
increase more.  




5.2 Conclusions of the scenario 
What someone can conclude after reading this thesis is that the advantages of the 
development of the studied scenario are by far surpassing the disadvantages.  
The most important benefits will be:  
• environmental benefits resulting from the reduction of CO2 emissions,  
• electricity production no more dependent on thermal power plant or oil 
imports, 
•  increase of the network capacities for electricity production coming from 
renewable energy sources and  
• reduction of the cost of electricity due to reduction of payments related to 
lignite and new generation technologies. 
 
In the following graphs we can see how the per cent current produced energy and  
installed capacity in 2020 (inner circle) will change after the implementation of the 
scenario in 2030 (outer circle). 





It has been estimated that the electricity production of Crete with oil has a cost of 
more than 300 million euro per year, which is distributed to the electricity bills of all 
citizens, due to social policies. The fixed cost of the interconnection between the 
Peloponnese and Crete is approximately the same.  
The protection of the environment, as set by the EU and international standards, 
regarding the reduction of the CO2 emissions can be achieved with the shutdown of 
all lignite and oil units. The benefits for the environment and especially for the 
health of the people residing close to mining areas and the local ecosystems will 
become obvious in the years to come.  
In addition, the production of energy in Greece, coming mainly from DEI and lignite, 
will be diversified in such a high level and this energy mix will lead in more 
competitive generation methods, by other private companies. This will have as a 
result the reduction of the variable costs of electricity production. 
The decarbonization of the lignite areas will also push for a restart of the local 
economies, through different other industry activities, tourism, agriculture, tourism, 
trade and commerce or education.  
 






Picture 5.6: Map of the future network and power stations. 
 
 
However, the main advantage of the lignite – being a national fuel, free of charge, 
will be lost, since gas is mainly imported from eastern European countries. This will 
make Greece dependent on gas prices from the importing countries.  
It might be estimated that in the far future a target for reducing the gas imports and 
investing more in renewables should be set. This would be supported by the fact 
the European Commission has set a new green deal against natural gas.  
 
Currently, as the Hellenic Independent Power Transmission Operator (IPTO) has 
announced on his LinkedIn profile “14/9/2020 was the first day when more than 
51% of energy came from renewable energy sources”. 40 % was covered by wind 























Picture 5.7: IPTO post on Linkedin 
 
 
 May this be the future of electricity production,  







6.1 The dataset  
The dataset is divided into 3 parts:  
i) The nodes 
ii) The power plants 
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